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SEASONAL CYCLE
The adult strawberry rootworm is a beetle; all these beetles are females. They overwinter in dormant condition in the soil, and emerge in the spring when they feed voraciously on the foliage of both strawberries and raspberries. Their eggs, laid in groups, soon hatch into white, six-legged larvae which penetrate the soil and feed on the roots of the plants. By midsummer the larvae reach full growth, pupate, and emerge as new adults. These adults feed on the foliage during the late summer and fall, then hibernate during the winter. New adults do not lay eggs prior to hibernation. The yearly cycle of the strawberry rootworm is shown in figure 2 .
The several aspects of this cycle which have been studied in detail are reported in this paper. March, 1949] 
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HOST PLANTS
A wide variety of plants is recorded as hosts of the strawberry rootworm in the United States. Weigel (1926) lists peach, heath aster, oats, millet, strawberry, butternut, black walnut, Japanese walnut, juniper, wild crab apple, apple, cinquefoil, rose, raspberry, blackberry, rye, mountain ash, and grape. Readio (1939) reported it on English walnut.
In California the strawberry rootworm feeds only on strawberries and brambles. In one isolated instance, it was known to feed, to a limited extent, on a single grapevine growing in a heavily infested raspberry patch. In several instances, after the beetles had completely defoliated a raspberry patch, they were observed feeding to some extent on the foliage of wild morning glory growing in the patch.
All varieties of strawberries observed in this investigation were attacked by the beetle, with no varietal preference indicated. Among brambles, the St. Regis red raspberry was most frequently found to be damaged, but this variety was the one generally grown in the area studied. Severe infestations were seen on black raspberry, Boysenberry, Himalaya blackberry, and Youngberry. Cuthbert and LaFrance red raspberries, on the other hand, were only slightly damaged when growing next to severely damaged St. Regis red raspberries.
In the eastern part of the United States, the strawberry rootworm is a serious pest of greenhouse roses. In California it has never been found feeding on roses, although when adult beetles were confined in a battery jar with only rose leaves for food, they fed extensively on the leaves.
ADULT STADIUM
Hibernation. The adult beetles (fig. 3) pass the winter on or in the ground. In raspberry patches most of them are found in surface rubble, particularly in the tightly curled edges of dried leaves, in hollowed canes, or in any interstice large enough to admit their bodies. Some are found under the highest and driest clods on the crown of a hedgerow; wormholes in such clods are especially favored for hibernation.
An attempt was made in this study to delimit the period of hibernation. During the fall, winter, and spring, a group of 50 beetles was caged in a . gallon-sized battery jar where corrugated paper ha.d been placed in the bottom to provide hiding places. In the jar were suspended a humidifying vial and a bouquet of fresh strawberry leaves in water. The jar was then covered with thin cloth and placed in an open-front wooden box in a. lath house where it had no direct sunlight. At intervals the leaves-which hung near the top of the jar-were removed, the feeding holes counted, and fresh leaves placed in the jar. All beetles in this test survived the winter except one, which died on February 2. The results of the test are given in table 1. These data indicate that the beetles may become active and feed in midwinter during warm periods. In this test, appreciable feeding ended on December 3 and was not resumed until February 23. This represents a nonfeeding hibernation period of 82 days. [Vol. 19, No.2 In strawberry patches the beetles usually hibernate in the crown of the plants, often wedging themselves in between the leaf bases, and usually below the top of the soil.
Hilgardia
Beginning of Spring Activity. Although the beetles may remain motionless during the winter months, they can be restored to full summer activity within a few minutes in an artificially warmed environment. This can occur at any time during hibernation. Even on warm days in winter, some activity was seen in the field. For instance, feeding was observed in the field as late as November 16 and as early as January 30. The period of time elapsing between emergence from hibernation and the beginning of oviposition is of prime importance when considering methods of preventing strawberry rootworm damage. The rate of defecation was decided upon as a possible index to the amount of prior feeding. A study was therefore conducted of frass and rates of frass production.
The individual coprolites are irregularly cylindrical, their length averaging approximately three times their diameter. While they vary somewhat in size, a random sample of 20 coprolites approaches the common average very closely. The ashing of air-dry frass and fresh strawberry leaves disclosed that 33.602 grams of leaves yielded 1 gram of ash; and 8.938 grams of frass yielded 1 gram of ash. Therefore, 1 gram of frass represents 3.760 grams of leaves; and 1 gram of leaves represents 0.232 gram of frass. Since adult beetles do not increase in weight, they probably do not retain ash constituents for body building. A small amount of ash probably goes into the development of the eggs, but this is believed to be a very small fraction of the total ash consumed. Therefore, the above conversion of frass and leaves is believed to be nearly correct. Since a total of 5,558 pellets of frass weighed 56.8 milligrams, an average pellet would weigh 0.01023 milligram.
To study spring emergence from hibernation by measuring frass production it was necessary to study the production of frass from a single meal.. March, 1949] 
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Fifty hibernating beetles were collected in the field on February 9 and isolated, 1 in each of 50 vials. They were held at room temperature, which restored them to normal spring activity. For 24 hours, beginning February 12, they were fed fresh strawberry leaves, then were not fed again during this test. The measurements of frass produced are summarized in table 2. From these data it can be concluded that 2 of the 50 beetles had fed before capture in the field. Water without food did not stimulate frass production. A meal most frequently led to the production of 24 pieces of frass, which would weigh 0.245 milligram, and would represent the consumption of 0.923 milligram of leaf tissue.
After the above facts were established, it was possible to collect a sample of beetles in the field, isolate each in a vial, and, by measurement of frass produced, determine whether or not the specimen had fed. Fifty beetles were collected and isolated at approximately weekly intervals from February 9 to March 25. The numbers which fed prior to capture are given in table 3. There is a fluctuation in the average number of pellets per active beetle shown in 30 Hilgardia [Vol. 19, No.2 the first three collections. This may be caused by small numbers in the sample, or more probably by interfering weather conditions, such as rain or cold, which may have prevented the beetles from feeding just prior to February 18. The data in table 3 are shown graphically in figure 4. By extrapolation, the earliest emergence from hibernation was probably February 7, and the process was practically complete by March 11. Any beetles hibernating at a considerable depth in the soil or in some other cool location might emerge much later. For practical purposes the emergence period may be considered to be approximately 33 days.
Strawberries support some green leaf tissue throughout the winter. Raspberries begin to leaf out in the first half of February. Usually new raspberry suckers emerge from the soil prior to the opening of the cane buds. Consequently, food is available to the adult beetles at the time they emerge from hibernation. Preovipositional Period. Although the correct use of the term "preovipositional period" indicates the time which elapses from the beginning of the adult stadium until egg laying, it is used here to indicate the period between emergence from hibernation and egg laying. This is the most important period for control of the pest. .Thirty beetles were removed from hibernation out of doors, and were isolated, 1 in each of 30 vials in the laboratory on February 4. They were fed fresh strawberry leaves and water daily, and the amounts of frass and eggs produced were measured. Table 4 shows the time which elapsed between the beginning of spring activity and the first eggs produced (based on 8 typical specimens). This period ranged from 29 to 43 days and averaged 32.3 days. The time elapsing between the production of the second, third, and fourth batches of eggs is included in table 4 for comparison with the preovipositional period. The averages ranged from 2.9 to 5.9 days and averaged 4.5 days in contrast to the preovipositional period of 32.3 days. During the preovipositional period, the 8 beetles consumed 12·.71 milligrams of leaf tissue (computed from frass production) or an average of 1.74 milligrams of food per egg laid in the first batch. The next three batches of eggs were laid after eating 0.33 milligram of food per egg. March, 1949] 
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Egg Production. The beetles lay their eggs between two adjacent surfaces, which are separated by about the width of the base of the ovipositor. They insert several eggs into the carefully selected crevice, then secrete a shallow crescentic wall of black substance which partially encircles the egg mass. This material soon hardens and .doubtless serves as a protection against predators. To provide egg niches of suitable width, the beetles were supplied with paired glass microscope slides touching at one end and separated by the width of a number 2 insect pin at the other end. The distance between the slides therefore graduated uniformly from zero at one end to the width of the pin at the other. The beetles selected a place at which the width between the slides was suitable and inserted their eggs. Then the investigator could examine the slides with a microscope and easily count the eggs.
To determine the time of day when eggs were laid, a group of 50 beetles was placed in a 1-gallon battery jar with glass slides prepared as described. The jar was kept under natural conditions, then observed on June 12. No eggs were laid during the day. The first eggs were laid at 6 :30 p.m. Egg production 32 Hilgardia [Vol. 19, No.2 reached a maximum at 7 :15 p.m., then decreased, and ceased at 11 :00 p.m. Between 11 :00 p.m. and 6 :00 a.m., only one egg mass was deposited.
Number of Eggs Produced, To determine the number of eggs laid under conditions of outdoor temperature, 100 beetles were placed in a I-gallon· The detailed records for 7 of the beetles grouped in this list are given in table 6. This table shows that the number of eggs laid at one time varies from 1 to 18. The frequency of layings containing from 1 to 5 eggs was 21, frequency of from 6 to 10 eggs, 28; 11 to 15 eggs, 34; and 16 to 18, 13. In considering the time which elapsed between layings, it should be noted that no records are included in table 6 for days on which none of the beetles laid eggs. Although beetles occasionally laid on two consecutive days and, in one instance, laid only after a period of 18 days, the normal period between layings was 2 to 3 days. The average total eggs laid by the 7 beetles listed in table 6 was 137.3, which compares with the average 126.2 eggs based on table 5.
Eggs Laid at Various Constant Temperatures. To determine the influence of temperature on oviposition, beetles were held throughout the egg-laying period at constant temperatures of 60°, 80°, and 90°F. The relative humidity was held at 73 per cent. Three hundred beetles were placed in each gallonsized battery jar, and one such jar was kept at each of the above temperatures. Throughout this test the beetles were fed strawberry leaves, arranged as bouquets, with petioles in water, packed with cotton. This provided a source of drinking water. The results are given in table 7.
These data show that egg deposition at 60°F began 70 days later than at 80°and 90°. The beetles at 80°laid few eggs between the one hundredth and the one hundred and fortieth days of the test. The reason for this is not known. Had this not occurred, the cumulated eggs per beetle for the entire period might have approximated 400, which would be more consistent with the 580 eggs laid at 90°F. A group of 300 beetles was similarly held at 45°F and 73 per cent humidity. These beetles did not feed and did not produce a single egg. At 141 days from the start of this test, the last surviving adult in this temperature died.
The length of the ovipositional period was determined for 10 beetles caged separately at room temperature. The length of this period varied from 55 to 137 days with a mean of 91.0 days, as shown in table 8. March, 1949] . The length of the postovipositional period was determined by holding 24 beetles in isolation cages at room temperature from the time they ceased egg laying until they died. The postovipositional period for these beetles ranged from 5 to 68 days, with a mean of 29.82 days (-+-2.65)L ongevity. To determine the length of adult life, 32 beetles were collected in the field from pupal cells in the soil. Only teneral specimens were taken, 36 Hilgardia [Vol. 19, No.2 and, hence, none was over 2 days old. These beetles were kept in a gallon-sized battery jar in a standard weather-bureau kiosk, and, consequently, subjected to out-of-door temperatures. They were given strawberry leaves and water. Corrugated paper was placed in the jar to furnish hibernation quarters and daytime hiding places. This test was started on July 16, 1941, and terminated on December 3, 1942. Fifteen of the beetles died by the end of September, 1942, and 17 lived through the summer and entered hibernation for the second winter in 1942. Fourteen beetles were still alive on December 3, 1942, and the test was terminated. These adults had lived 506 days. .
EGG STADIUM
The eggs are laid in groups or batches ranging from 1 to 20 eggs each. Table  8 shows that the largest batches laid by 10 beetles throughout their entire egglaying period averaged 15.5 eggs each, and that the smallest batches averaged 3.3 eggs each.
Incubation Period. To determine the length of the egg stadium at room temperature, eggs were observed between paired glass slides as described above. Throughout the months of April and May, 50 batches of eggs were selected, one from each of 50 beetles. The time required for these eggs to hatch when held at room temperature is shown in the following list:
Incubation period (days) beetles in a constant temperature of 90°F were transferred immediately after being deposited to constant temperatures of 60°,70°, 80°, and 85°F, where the humidity was 73 per cent. The length of the incubation period at these temperatures is shown in table 9 and figure 5.
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Smith-Kido: Biology of Strawberry Bootuiorm The mortality, or per cent of eggs failing to hatch at these temperatures was 20.4 per cent for 60°F; 25.5 per cent for 80°; and 32.8 per cent for 85°. No egg hatched in a group incubated at 90°. Hilgardia LARVAL STADIUM [ Vol. 19, No.2 Location of Larvae in the Soil. Nine areas in an infested commercial raspberry patch were studied on May 23 to determine the depth at which the larvae ( fig. 6 ) occur in the soil. Six areas in a commercial strawberry patch were similarly studied on June 14. The soil was removed in horizontal layers, each 1 inch thick, and carefully examined for larvae. The results are given in table 10. No larvae were found below 8 inches in either case. Horizontally, the larvae are found only within the ramifications of the roots of the host, and are more abundant at the center than at the periphery. at room temperatures, larvae were reared in shell vials containing soil and raspberry rootlets. The soil was moistened daily and fresh rootlets were added as needed. Under these conditions the minimum time from hatching to pupation was 42 days, the maximum 59 days, with a mean of 50.0 (+0.3011) days. Larvae were reared on potted strawberry plants in a lath house during June and July. The soil was examined at weekly intervals. The first pupae were found after 42 days, which is also the minimum length of the larval period at room temperature. Length of Larval Stadium at Various Constant Temperatures. In this test, the larvae were reared in small, covered stender dishes containing a mixture of plaster of Paris, soil, and charcoal (Michelbacher, 1938) . A shallow groove, 1 18 inch wide, was prepared in the surface of the plaster. This held the rootlet in place and provided leverage for the larvae. The dishes were watered daily, accumulated frass was removed, and new rootlets were added when March, 1949] [Vol. 19, No.2 Prepupal Stage. The prepupal stage starts with the termination of feeding activity by the fourth instar larvae. Ingested food, which appears as a dark reddish brown stripe along the dorsum of feeding larvae, is voided at the beginning of the prepupal stage so that the larvae are white. The body assumes a C shape. The only activity of the prepupallarva consists of a twisting motion which is practiced to smooth the inner wall of the pupal cell. The duration of the prepupal stage was measured at two constant temperatures. At 70°F this period averaged 6.60 days, and at 80°it averaged 4.20 days. (table 10) . "A series of pupae reared in isolation cages in the laboratory at room temperatures completed the pupal period with a mean of 10.53 days. When reared at constant temperatures of 70°, 80°, and 85°F, means of 12.23 days, 6.75 days, and 5.88 days, respectively, were required for the completion of this stage.
Summary of Developmental Stadia. The total time required to complete the developmental stadia~egg, larva, and pupa-for the temperatures 70°, 80°, and 85°F can be computed by a summation of the means. This is presented in table 12.
SUMMARY
The strawberry rootworm, Paria can ella, which is recorded from the United States and Canada, is believed to be indigenous to North America. It is present in 28 states and in the District of Columbia. In California, where it is a pest of brambles and strawberries, it is recorded in Alameda, Contra Costa, Merced, Monterey, Placer, Sacramento, San Benito, San Francisco, San Joaquin, San Mateo, Santa Clara, and Yuba counties. March, 1949] Smith-Kido: Biology of Strawberry Rootworm 41
The adults hibernate and emerge in mid-February. The first eggs are deposited toward the end of March or the beginning of April. The first larvae are found around April 15, and the first pupae about June 15. The peak of emergence of new adult forms takes place from July 15 to August 15.
No male forms were found during the investigation, and the females reproduce parthenogenetically.
Poria canella is univoltine, but the longevity of the beetle may extend over one year.
The minimum period of time between the emergence of new adults and the production of eggs, under field temperatures, is 274 days. The ovipositional period extends from April 1--t-5 days-to the end of September. The average postovipositional period is 29.8 days and terminates about November 15. Spring emergence may be recorded from the f'rass production of beetles collected from the field at various time intervals.
Eggs are usually found between two smooth-surfaced objects close to the source of food. The incubation period at room temperatures is 15.95 days. Incubation period at various constant temperatures is given. A single beetle may deposit 207 eggs in its lifetime, although 125 are an approximate average.
The majority of the larvae is found within the first 3 inches under the surface of the soil. At room temperatures, approximately 50 days are required for the larva to reach maturity. At constant temperatures of 70°, 80°, 85°F a mean of 57.77 days, 34.38 days, and 28.31 days, respectively, is required for the completion of the larval period. There are four instars for the larval stage.
The prepupal stages for constant temperatures of 70°and 80°F are 6.66 days and 4.20 days, respectively.
The pupae, like the larvae, are found close to the plant. At constant temperatures of 70°,80°, and 85°F, a mean of 12.33 days, 6.75 days, and 5.88 days, respectively, is required for the pupal stadium. At room temperatures, the pupal stage required a mean of 10.53 days.
A method of computing the relative amounts of food consumed during the adult stage is given. At room temperatures an average of 1.916 milligrams of food per egg is required from the time the beetles emerge from hibernation to the laying of their first eggs.
Large numbers of beetles were collected and kept at constant temperatures of 45°,60°, 70°, 80°, and 90°F and a constant humidity of 73 per cent, in order to find the relation between. oviposition and temperature. Higher temperatures led to early development of the ovaries and production of more eggs.
